ABSTRACT -(Potential allelopathic and antibacterial activity of Alternanthera philoxeroides). Alternanthera philoxeroides is a promising species in the search for new molecules with biological effects. To accelerate this bioprospection process of A. philoxeroides, the chosen methods (allelopathy and discdiffusion technique) are excellent alternatives. The purpose of this study was to evaluate the allelopathic effects and verify the antibacterial properties of extracts from A. philoxeroides. To evaluate the antibacterial activity, disc diffusion technique was used with five reference strains. The germination test was conducted with the extracts at concentrations of 0, 1.0, 2.0 e 3.0 mg mL -1 in a petri dish with 30 lettuce seeds and for the growth trial 10 seeds were used. The experimental design was completely randomized in factorial 4 × 2 × 4 (four extracts, two sources, four concentrations), with four replicates.The results indicate that the lettuce germination was influenced by ethyl acetate fraction obtained from leaves of A. philoxeroides at the highest concentrations; however, the germination speed and the radicle growth were significantly affected by all the extracts starting at 1mg mL-1 concentration. Those results demonstrate allopathic effect of different extracts of this plant, although they have not interfered with the strains growth used in this experiment.
Introduction
The natural products obtained from plants are investigated and used by the human beings, many times, empirically to relieve their diseases, since the beginning of history. Before the "synthesis age" in 1950, 80% of all the medicines utilized were obtained from root, stem and leaves of plants (Mcchesney et al. 2007) .
The wealth of the Brazilian flora associated with the ethnobotanical and pharmacognostical survey allow the researchers to isolate biologically active compounds from different plant species, which can evolve into models both for medicine synthesis and for products of agricultural or forest application (Guerra & Nodari 2001) .To explain the importance of the phytochemical studies and medicinal plants bioprospection, about half of all the medicines and/or agricultural products licensed and registered all over the world in the period previous to the year of 2010, were natural products or their derivative synthetic products (Dias et al. 2012) . Nevertheless, taking into consideration the vast Brazilian biodiversity and heterogeneity of the active metabolites of those plants, a plenty of molecules still need to be discovered and better identified.
Amidst the Brazilian flora, the species Alternanthera philoxeroides, genus Alternanthera (Amaranthaceae), known popularly as alligatorweed, deserves to be pointed out, due to the fact that phytochemical prospections of the same have revealed a variety of biologically active compounds, among them the triterpenoids, flavonoids and betalains (Sousa et al. 2008; Brochado et al. 2003) Those compounds possess comproved antitumoral, antiviral (Fang et al. 2009 ), anti-inflammatory and immunomodulatoryactions being, therefore, a promising material for the search of new molecules with biological effects. To accelerate that process, the choice of simple, sensitive, practical and reliable methods, which eliminate steps in the process of separation of bioactive constituents become indispensable (Cunico et al. 2006) .
Allelopathy has been defined by the International Society of Allelopathy as processes which involve the production of secondary metabolites by plants and microorganisms which influence the growth and development of biological systems with positive and negative effects (Gonzáles et al. 2002 , Pinto et al. 2002 . Thus, allelopathy is accepted as an encompassing science, being able to be used in the control of diseases, microorganisms and weeds which compete against medicinal plants, providing highquality raw material for phytotherapic industry (Dias & Miguel 2005) .
The seed germination tests and initial radicle growth in the presence of medicinal plant extracts are of great scientific interest, since lots of allelochemicals are utilized in folk medicine for the treatment of several diseases. In addition, that interaction can be a source of discoveries of new natural phytotoxic compounds with low toxicity to the non-target control organisms (Dias et al. 2008) .
The tolerance to secondary metabolites which act as allelochemicals is variable within the plant species, some being highly sensitive, regarded as bioindicators as, for instance, Lactuca sativa (lettuce), greatly utilized in laboratory biotests according to Ferreira & Aquila (2000) . Besides, another biological test utilized in the scope of molecules with biological properties and more precisely antimicrobials the Disc Diffusion technique which uses reference strains bacterias bioindicators (Nascimento et al. 2007) .
A great part of antimicrobials in use (penicillin, cephalosporins, aminoglycosides, among others) are derived from secondary fungi and bacteria metabolites, nevertheless, the antimicrobial properties of those metabolites, present in both extracts and essential oils of plants, in the future, can replace the medicines formerly efficient, derived from microorganisms (Duarte, 2006) . This way, the investigation of antibacterial potential molecules in the genus Alternanthera is quite relevant since those species possess a huge structural diversity of their natural products; in addition, some promising studies were conducted in the search for molecules with this biological activity (Jalapure et al. 2008 , Jandrey & Onofre 2009 , Facundo et al. 2012 , Kannan et al. 2014 . Based on this information, the objective of the present work was to carry out studies to evaluate the allelopathic effects and the antibacterial capacity of the extracts of stems and leaves of A. philoxeroides. Preparation of the Extracts -Leaves and stems of A. philoxeroides were dried in forced ventilation oven for 10 days at 35 °C, powdered in knife mill and submitted, separately, to the cold soaking extraction with hydroalcoholic extract (70%) at the proportion of Table 1 . First count of germination of lettuce seeds submitted to different concentrations and types of extracts of Alternanthera philoxeroides.
Material and methods
*Means followed by the same capital letters in the column and small ones in the row do not differ statistically by the Tukey test at the level of 5% of error probability. 1:1 (m/v) for seven days. The extracts were filtered and 100 mL out of these were collected for obtaining of a crude extract (EB). With the remaining extract, liquidliquid portioning with solvents of growing polarities (hexane, dichloromethane, ethyl acetateand butanol) of the Sigma ® mark was carried out. The fractions and the EB were concentrated into a rotary evaporator, under reduced pressure to its total drying, according to methodology described by Cechinel & Yunes (1998) . The dry extracts were dissolved again in distilled water obtaining solutions at concentrations of 1.0, 2.0 and 3.0 mg mL -1 and distilled water as the control.
Concentration of the extracts (mg L
Germination inhibition and initial growth of the radicle (allelopathy) -The germination and growth tests were conducted on Petri plates 9.0 cm diameter, containing two filter papers and 4.0 mL of each extract 30 lettuce seeds (Lactuca sativa L.) per plate were sown and next, the plates were taken to the BOD at the temperature of 20 °C and 12 h photoperiod for the germination tests. The growth tests were performed under these same conditions, nevertheless, 10 seeds on each plate were sown. For the dormancy braking, the lettuce seeds utilized were previously submitted to cooling of 4 °C for 72h (MAPA 2009 ). The germination rate was checked every 24 hours for seven days, using the root protrusion as a criterion for germinability. The following variables were determined: First Count (PC), Germination (G), Germination Speed Index (IVG) and Radicle Length, according to the Rules for Seed Analysis (MAPA 2009).
All treatments were arranged in a completely randomized design in factorial scheme 4 × 2 × 4 (four types of extracts, two organs and four extract concentrations) resulting into 32 treatments with four replications. The results were submitted to the analysis of variance and means compared by the Tukey test (5%) with the support of Winstat software, 2002 (Machado & Conceição 2002) .
Antibacterial activity -The evaluation of the antibacterial activity was carried out with the organic extracts and EB ressolubilized in dimethylsulfoxide (DMSO), standardized at the concentration of 100mg mL -1 on account of the maximum yield being obtained from all the extracts through Disk Diffusion Technique. It was evaluated five reference strains, Bacillus cereus, Staphylococcus aureus (ATCC 25923), Bacillus subtilis, Pseudomonas aeruginosa (ATCC 9027) and Escherichia coli (ATCC 8739), belonging to the Bacteria Collection Bacteriology Laboratory of the Department of Microbiology and Parasitology Institute of Biology UFPel. The strains were kept in conservation-agar and before the tests, they were recovered in Agar Brain Heart Infusion (BHI -Acumedia®) and incubated for 24 h at 36 °C.
In the disc diffusion technique, the bacterial inoculum, standardized at the concentration of 1,5 × 10 8 UFC mL -1 , were spread on the surface of the Mueller-Hinton agar culture medium. Afterwards, sterile filter paper disks six millimeters in diameter soaked of the extracts, DMSO (negative control) and chloramphenicol (positive control) were arranged on the plates, which were then next, incubated at 36 °C for 24 hours. The experiment was done in triplicate for each bacterial strain and the reading of the results was conducted by checking either the presence or absence of inhibition halos.
Results and Discussion
Inhibition of the radicle germination and growth -For the variable first count of germination, there was significant interaction between concentration of the extracts and types of solvents utilized, whereby the ethyl acetate extract at the highest concentration was the one which presented negative influence in this variable ( Table 3 . Germination of lettuce seeds submitted to different types of extraction solvents and organs of Alternanthera philoxeroides.
*Means followed by the same capital letters in the column and small ones in the row do not differ statistically by the Tukey test at the level of 5% of error probability.
These results are similar to those observed by Dias et al. (2007) , who studying the effect of crude extract and fractions hexane, methylene chloride and ethyl acetate of stems, leaves and flowers of Aster lanceolatus in lettuce seeds, found that the ethyl acetate extract of stems and leaves adversely affected the response of the first count test.
With the use of liquid-liquid partitioning methodology described by Cechinel & Yunes (1998) , the ethyl acetate fraction may conduct large part of the phenolic compounds present in the crude extract. Those phenolic molecules are known for their inhibiting germination power, since many of these compounds act at the cellular level and on the plasma membrane causing the interruption of a range of cellular processes with the release of reactive oxygen species (ROS) (Eldeen et al. 2006) . Furthermore, they are capable of inhibiting the action of gibberellins, either by interaction with the molecule or by blocking the process mediated by them, as a reduction in the synthesis of hydrolytic enzymes such as amylase and acidphosphatase in the endosperm of seeds, thus hindering germination process (Sampietro 2001) .
Still for first count there was significant interaction between the concentration of the extracts and the types of organs from which they were obtained, where by the leaf extract at the highest concentration was the one which presented significant difference (table 2) .
In studies comparing the inhibitory effect on the basis of the source of Ateleia glazioveana Baill extract on lettuce seeds, it was observed that the aqueous extracts coming from the leaves caused inhibitory effects superior to those of the stem (Anese et al. 2007) .
For the variable germination there was significant interaction between types of organs utilized and the extraction solvent, considering that the ethyl acetate extract obtained from the leaves, was the one which influenced this variable causing reduction in germination when compared to other extracts (table 3) .
The phenolic molecules extract by this kind of solvent, possibly, it's a responsible for that effect, as described by Cechinel & Yunes (1998) and similar to occurred in the first germination count. In this work the crude extract, obtained through soaking, in none of the tested concentrations a negative effect on Table 5 . Germination speed index of lettuce seeds submitted to different concentrations and types of extracts of Alternanthera philoxeroides.
germination was shown, contradicting the findings by Mairesse et al. (2007) , who studying the bioactivity of different concentrations of aqueous extracts of Alternanthera brasiliana in lettuce seeds, found an inhibitory effect soon at the first concentration used (25%), demonstrating thus, the allelopathic potential of this species.
Germination inhibition and initial radicle growth (allelopathy) -The germination speed index suffered significant influence from the different extraction solvents and from the source organs (table 4) , of which the leaf extracts with ethyl acetate and stem with butanolic and aqueous solvent, were the ones which caused reduction in germination rate the most. For the germination of the bioindicator seeds to occurin the treatments used, there must be detoxification of the substratewhere they were sown through evaporation or other processes, of the potentially alellochemical substances and that event causes changes in the distribution curve of germination, stretching it through time axis (Ferreira & Aquila 2000) .
Regarding the concentrations of the extracts (table  5) , taking into consideration all the solvents utilized, there was a significant interaction between both the factors, resulting into decreased germination speed of the bioindicator seeds with increasing concentration of the extracts, considering that at the highest concentration, the radicle protrusion speed was decreased.
The authors Ferreira & Borghetti (2004) , stand out that frequently the allelopathic effect does not occur through the germinability reduction (final percentage of germination), but it is about the germination speed which is decreased over time.
As to the length of the radicles, it may be observed that there was a significant interaction between the concentrations and the types of solvents utilized where all of the extracts originating at concentration of 1 mg mL -1 differed statistically from the control, considering that at the highest concentration the lowest length radicle values were obtained ( Table 6 . Length of the radicles of lettuce seeds submitted to different concentrations and types of extracts of Alternanthera philoxeroides *Means followed by the same capital letters in the column and small ones in the row do not differ statistically by the Tukey test at the level of 5% of error probability. Table 7 . Length of the radicles of lettuce seeds submitted to different types of extraction solvents and organs of Alternanthera philoxeroides.
*Means followed by the same capital letters in the column and small ones in the rows do not differ statistically by the Tukey test at the level of 5% of error probability. Studies carried out with Artemisia annua L., evaluating the allelopathic effect on the germination and initial development of lettuce seedlings found that the plants root system is the most sensitive to the action of allelochemicals, because their elongation depends on cell division, and if inhibited, it affects their normal development (Magiero et al. 2009 ).
For the variable radicle length, significant interaction between the organs and the extraction solvent was also found, of which the ethyl acetate extract obtained from the leaves and butanolic obtained from the stem were the ones which most negatively interfered in radicle growth (table 7) .
For the variable radicle length, significant interaction between the organs and the extraction solvents was also found, of which the ethyl acetate extract obtained from the leaves and butanolic obtained from the stem were the ones which the most interfered negatively on radicle length (table 7) .
In a work conducted by Cândido et al. (2010) , to verify the allelopathic potential of invasive leached plant leaves such as Amaranthus viridis (Amarantaceae) and Leonurus sibiricus, it was demonstrated that extracts of these plants, caused inhibition of germination percentage (> 40%) and root growth ( ≥ 70%) of lettuce seeds, furthermore, these authors also found that the biometric test (radicle measurement) is more sensitive in determining the allelopathic effects and can be favored by the physical contact of the root with the filter paper substrate used.
Antibacterial activity -The extracts of A. philoxeroides were not capable of inhibiting the growth of reference strains, Bacillus cereus, Staphylococcus aureus (ATCC 25923), Bacillus subtilis, Pseudomonas aeruginosa (ATCC 9027) and Escherichia coli (ATCC 8739). These results are somewhat unexpected as many metabolites present in this species have been identified and phenolic compounds, of course, effective against pathogenic microorganisms are widely distributed in A. philoxeroides (Fang et al. 2009 ). Caetano et al. (2002 analyzed the crude extract of A. brasiliana as to its antimicrobial activity against strains of S. aureus (ATCC 6538 and ATCC 9144) and S. aureus hospital isolates (methicillin-resistant and non-resistant) and the extract showed an activity quite similar to tetracycline hydrochloride used as a standard.
It was also recorded antimicrobial activity of crude extracts of A. maritima, especially versus Gram-positive bacteria (S. aureus (ATCC6538), Streptococcus mutans (ATCC 25175) and the ethanol and hexane extracts of the aerial parts of A. maritima showed some inhibition against Gram-negative bacteria such as E. coli (ATCC 10538) and E. coli (26.1 ec). The authors further suggest that these extracts can be utilized as a natural antimicrobial additive in cosmetics or in food industry or otherwise help in synthesis of new drugs .
The absence of antimicrobial activity observed in this work for the organic extracts (hexane, methylene chloride, ethyl acetate, butanolic) and inorganic (crude extract) instigate the conducting of new tests with other species of indicator organisms, other extraction solvents and still other concentrations of extracts in order to obtain a better definition of antibacterial activity profile of the species A. philoxeroides.
It is concluded that all the organic and inorganic extracts studied here in present allelopathic effect because they act by decreasing the germination speed and radicle length of lettuce seeds. Nevertheless, there is no antibacterial activity in the extracts of A. philoxeroides against the reference strains used in this experiment. 
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